Background: Pneumonia is an important cause of morbidity and mortality. COPD patients using inhaled corticosteroids (ICS) have an increased risk of pneumonia, but less is known about whether ICS treatment in asthma also increases the risk of pneumonia. The aim of this analysis was to examine risk factors for hospitalisations with pneumonia in a general population sample with special emphasis on asthma and the use of ICS in asthmatics. Methods: In 1999 to 2000, 7340 subjects aged 28 to 54 years from three Swedish centres completed a brief health questionnaire. This was linked to information on hospitalisations with pneumonia from 2000 to 2010 and treatment with ICS from 2005 to 2010 held within the Swedish National Patient Register and the Swedish Prescribed Drug Register. Results: Participants with asthma (n = 587) were more likely to be hospitalised with pneumonia than participants without asthma (Hazard Ratio (HR 3.35 (1.97-5.02)). Other risk factors for pneumonia were smoking (HR 1.93 (1.22-3.06)), BMI < 20 kg/m2 (HR 2.74 (1.41-5.36)) or BMI > 30 kg/m2 ). Asthmatics (n = 586) taking continuous treatment with fluticasone propionate were at an increased risk of being hospitalized with pneumonia (incidence risk ratio (IRR) 7.92 (2.32-27.0) compared to asthmatics that had not used fluticasone propionate, whereas no significant association was found with the use of budesonide ). Conclusion: Having asthma is associated with a three times higher risk of being hospitalised for pneumonia. This analysis also indicates that there are intraclass differences between ICS compounds with respect to pneumonia risk, with an increased risk of pneumonia related to fluticasone propionate.
Background
Pneumonia is an important cause of morbidity and mortality. In a recent study from the United States the annual incidence was 24.8 patients hospitalized with community acquired pneumonia per 10,000 adults [1] , whereas in Iceland, the incidence of community acquired pneumonia requiring hospitalisations was 20.6 cases per 10,000 adults/year [2] . Pneumonia is a common complication in patients with COPD. In a study of COPD patients from Swedish primary care over 40% had had a least one episode of pneumonia during the 8 year observation period [3] . Pneumonia is also relatively common in asthma. In a recent observational study we found that the cumulative incidence of pneumonia was 16% during the seven year study period [4] . Other studies have found that subjects with asthma have a two to three times higher risk of pneumonia than subjects without asthma [5, 6] . Smoking, gastroesophageal reflux and heart disease have also been identified as risk factors for pneumonia [5, 6] .
Treatment with inhaled corticosteroids is used in both asthma and COPD. In asthma, in particular there is good evidence that ICS reduces exacerbations, and so they are included in every major guideline [7] . In COPD, treatment with inhaled corticosteroids (ICS) increases the risk of pneumonia [8, 9] . There is also an indication that this association may depend on the type of ICS prescribed, with several studies finding a higher risk for fluticasone propionate than budesonide [10] [11] [12] . In a systemic review Kew and Seniukovich found high quality evidence that fluticasone increased pneumonia events by 18 more per 1000 treated over 18 months, but there was less evidence for budesonide, with six more events per 1000 treated over nine months [13] . In asthma, however, the association between the use of ICS and pneumonia is less clear. O'Byrne and co-workers found no association between the use of budesonide and pneumonia, [14] whereas McKeever et al found a dose response relationship between the use of ICS and risk of pneumonia in asthmatics from primary care [15] . In that study an increased risk of pneumonia was found in patients treated with fluticasone propionate but not in those treated with budesonide. Recently Qian et al also found a dose related association between ICS use and pneumonia in asthma, but in that study this was found for both fluticasone propionate and budesonide [16] .
The aim of this investigation was to examine risk factors for hospitalisations with pneumonia in the general population and to investigate risk factors for pneumonia in subjects with asthma with special emphasis on the use of ICS.
Method

Population and methods
The European Community Respiratory Health Survey (ECRHS) stage I took place in 1990-1994. In the study, males and females aged 20-44 years were randomly selected from the population register in participating centres [17] . A postal questionnaire was sent to 3000-4000 subjects at each centre.
Respiratory Health In Northern Europe (RHINE) II is a follow-up study of participants from ECRHS stage 1 from seven Northern European centres [18] . RHINE II consisted of a postal questionnaire sent in 1999-2001. The questionnaire was sent out to all participants of ECRHS stage 1 (age 28-54 years). The present analysis is based on data from the three Swedish centres: Gothenburg, Uppsala and Umea, where 7340 (79.3%) of the 9248 in the original sample participated. Written informed consent was obtained from each participant and the study was approved by the Regional Ethical Review Board in Uppsala, Sweden (1998/495).
Data on inpatient treatment for pneumonia (ICD 10-Code J10-J18), including number of such hospitalisations was collected from the National Patient Register for the time period starting 1 January 2000 until 31st of December 2010 ( Fig. 1 ). Data on date of death for the same time period was collected from the cause of death register.
Drug prescription data for hospital and primary care were collected from the Swedish Prescribed Drug Register from the time that the registry started 1st of July 2005 to the end of the study period: 31st of December 2010 ( Fig. 1 ). 
Definition of analysed variables
A hospitalisation with pneumonia was defined as a hospitalisation that included the ICD10 code J10-18 as one of the diagnostic codes. Current asthma was defined as answering yes to the question:" Have you had an asthma attack during the last year?" and/or" Have you taken medication for asthma during the last year?" [19] . The number of asthma related symptoms (Yes/No) was assessed where the symptoms included were wheezing, wheezing in combination with breathlessness, wheezing when not having a cold, waking up with tightness in the chest and waking up with attacks of shortness of breath. The recall period for all symptoms was 12 months.
Nasal allergy was defined as answering yes to the question "Do you have any nasal allergies including hay fever?" [19] Nocturnal gastroesophageal reflux (nGER) was defined as reported heartburn or belching at least one night per week [20] . Habitual snoring was defined as loud and disturbing snoring at least 3 nights a week [21] . Hypertension was defined as answering yes to the question "Do you have hypertension?" and heart disease was defined in a similar way. Diabetes was defined as answering yes to the question: "Has a doctor told you that you have diabetes?" Body mass index (BMI) was calculated from the selfreported height and weight and the participants grouped into four groups, < 20, 20-25, > 25-30 and > 30 kg/m2. Smoking history was captured through the questionnaire and the participants were categorised into neversmokers, ex-smokers and current smokers. Passive smoking was defined as being exposed to tobacco smoke at home every day and not being a current smoker [21] .
Use of inhaled corticosteroids (ATC code R03BA and R03AK) was captured from the Prescribed Drug Registry. The number of years that the participants had collected at least one prescription was calculated where the maximum number of years was six. In a similar way information on the use of budesonide (ATC code R03BA02 and R03AK07) and fluticasone propionate (ATC code R03BA05, R03AK06 and R03AK11).
Statistical analysis
All analyses were performed using Stata version 14 (Sta-taCorp, Texas, USA). Chi-2 test and unpaired t-test were used in bivariate analyses. Factors associated with the time to the first hospitalisation with pneumonia was analysed using Kaplan Meier and Cox proportional hazards models. All preselected variables were included in the model [22] . Participants were censored either at first hospitalisation with pneumonia, death or at 31st of December 2010. The proportional hazard assumption was tested for all the independent variables in the models and no violation was detected (p > 0.1), except for nasal allergy (p = 0.04).
The association between the yearly pneumonia event rate and use of ICS in participants with asthma was analysed with Poisson regression, with events as the dependent variable and number of years in the study as the offset variable. The independent variables were duration of the ICS treatment as a categorical variable, age, sex, BMI-groups, smoking history, centre and the number of asthma symptoms.
Results
Of the 7284 subjects included in the study 119 (1.6%) had been hospitalized with pneumonia during the study period. Participants with pneumonia were more often women, older, more likely to have a BMI < 20 or > 30 kg/ m2, more often smokers and had a higher prevalence of asthma and heart disease than those that had not been hospitalised ( Table 1) .
Having asthma at baseline(n = 587) was significantly associated with a higher risk of being hospitalised with pneumonia independent of other risk factors (Fig. 2 , Table 2 ). Apart from asthma, being hospitalised with pneumonia was independently associated with higher age, having a BMI < 20, a BMI > 30 and being a current smoker ( Table 2) .
Participants with asthma. During the 6-year period there were 26 hospitalisations with pneumonia among the participants with asthma and 19 patients had at least one hospitalisation with pneumonia. Those with at least one hospitalisation with pneumonia were more often women, had more often a BMI < 20 and were more likely to have used fluticasone propionate every year than those without a hospitalisation (Table 3 ). No significant difference was found between participants that had used fluticasone propionate and budesonide every year regarding age, sex, smoking history or number of symptoms (all pvalues > 0.50).
Having been hospitalised with pneumonia was independently associated with being female, having a BMI < 20 and having many symptoms. There was a trend between having used ICS in all of the six years during the observation period and being hospitalised with pneumonia (IRR (95% CI) 2.48 (0.92-6.68)) ( Table 4 ).
There was an independent association between having used fluticasone propionate (IRR (95% CI) 7.92 (2.32-27.0)) during the whole observation period and hospitalisations with pneumonia, whereas no such association was found for budesonide (IRR (95% CI) 1.23 (0.36-4.20)) ( Fig. 3 ).
Discussion
The main finding of this investigation is that having asthma is associated with a three times higher risk of being hospitalised with pneumonia. Among subjects with asthma, the risk of being hospitalised with pneumonia was higher in those that were underweight and those with more symptoms. Among asthmatics, an increased risk of pneumonia was found in those treated with fluticasone propionate during the whole observation period whereas treatment with budesonide was not associated with being hospitalised with pneumonia. The increased risk of pneumonia in subjects with asthma is in accordance with other studies [5, 6, 23] . There is also data suggesting that subjects with asthma may be more prone to get non-respiratory infections [23] . The reason for the increased risk of infections in asthma is not totally understood but an impaired immune response against bacterial infection might be part of the explanation [24] . Despite the increased risk, it should be emphasized that only 4% of participants with asthma were hospitalized with pneumonia during this 10 year period and that the risk is much lower than for instance patients with COPD [3] .
Like many other studies, we found that being a current smoker is associated with an increased risk of pneumonia [5, 6, 25, 26] . The reason for this is that smoking causes both morphological changes in the airway and inflammatory reactions including inhibition of innate and adaptive response to infections [27] . Passive smoking has also been associated with pneumonia in some studies [28] . We, however, found no association between passive smoking and pneumonia in non-smokers in the present study. The most likely explanation for this is the very low prevalence of passive smoking in this population [29] .
In the present study, participants that were underweight and obese had an increased risk of being hospitalised with pneumonia. This is in accordance with some other studies [5, 26, 30] . The reason is probably that both being underweight and obesity may affect the immune system [30, 31] . Pneumonia has also been associated with other obesity related disorders such as obstructive sleep apnea [32] and nGER [33] , but in the present study we found no association between habitual snoring or nGER and being hospitalised with pneumonia. Other studies have shown a higher risk of pneumonia in subjects with diabetes and cardiovascular disease [34] . This was not the case in the multiple variable (26) analysis in our study and this is probably related to the relative young age of the population.
In the present study, we found that participants with asthma that had been using ICS every year had an almost three times higher risk of being hospitalised with pneumonia during the study period. Even though this association was of only of borderline significance the result is in accordance with what has been seen in other studies [15, 16, 35] . The risk was even higher in asthmatics that had been using fluticasone propionate each year while no increased risk was found in those using budesonide. This result is in accordance with what has been seen in COPD [10, 11, 36] . This result is also in accordance with that of O'Byrne et al were no increased risk was found between treatment of budesonide and pneumonia in asthma [14] and also to the results from McKeever and co-workers where the risk of pneumonia was higher with fluticasone propionate than budesonide [15] . The results are, however, not in accordance with those of Qian et al where the adjusted risk for pneumonia was higher for budesonide than fluticasone propionate [16] . No direct comparison of pneumonia risk between budesonide and fluticasone propionate was done in any of the two studies above. A difference between the present study and the studies by McKeever et al. an Qian et al. is that they studied all kinds of pneumonia event while the present study only studied Fig. 3 Independent association between type of inhaled corticosteroid and hospitalisations with pneumonia (incidence risk ratio* (IRR) (95% confidence interval)). Asthmatics not using respectively medication was the reference group. *adjusted for sex, age, BMI, smoking history, symptoms and centre) hospitalisations with pneumonia. If there is an intraclass difference between budesonide and fluticasone propionate in relation to the risk of pneumonia in asthma, this is probably explained by the difference in drug pharmacokinetics. Fluticasone propionate is less water-soluble and therefore more slowly dissolved from the airway luminal fluid than budesonide. This results in a more protracted immunosuppressive effect locally with fluticasone propionate than budesonide [37] . The strength of this investigation is that the data are from a longitudinal study with detailed information on a large number of potential risk factors at baseline. It is also a strength that we were able to combine that data with data from the national registries. We also believe that using hospitalisation with pneumonia is a strength as this makes the risk of misdiagnosis smaller as radiography is a standard procedure in investigation of pneumonia in inpatient care in Sweden [38] . The weakness is that the number of events was low which especially causes a problem when analysing the relation between ICS and pneumonia in asthma. We were therefore only able to identify factors with a high magnitude of risk. Another potential weakness is that all data, except the hospitalisations and medication data, was based on selfreported data which carries a risk of misclassification. Furthermore, apart from number of symptoms, which was only collected at one time point; we have not adjusted our analyses for asthma severity or control. Other residual confounders include treatment with oral corticosteroids and compliance to the collected ICS prescriptions.
Conclusion
We conclude that having asthma is associated with a three times higher risk of being hospitalised for pneumonia and that the risk of being hospitalised with pneumonia was increased in asthmatics that were underweight. This analysis also suggests an intraclass differences between ICS compounds when it comes to the risk of pneumonia, with an increased risk of pneumonia related to fluticasone propionate than for budesonide. The result concerning this intraclass difference was, however, based on a low number of events and should be confirmed in large clinical trials. 
